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ll014Pllil14Plf1ll01 (Antigen delivery) 




unwi 

S0'Hi'ii00iD‘ńilm?Tunfl4'W“B'i}i^Sn0l 
0?9^9n0l vif0B??łJs:^9n0lfińi94S?i ?nłj 
0nłj'HłJi0nj04^Sn0liJiDs;'H 11100401^1419404^ 
(1J114) ll^'91łlf'uil014^lD1400n0ln0DS;014łJ114l0 
111411) S:ł1łJ1004ni114194ll014^lD14llJll4^^3J 14 
0iiDs;liJm0iłi0luniinis;^unii^0U9U04iii4 
0301101*1)04114010 

<U 4 

0is;uii*0ii0is;0U030łJ0i*00 

1 <U tł 

110U0*D1*0040100 activated antigen presenting 
cells (APC) I 00 APC 11'3 0 innate immune 
response cells lHU macrophages, dendritic cells 
(DC) *lll*01* DS;001* (engulf) 94HlJ00lJ00łJI411* 

I a* 

01S;D11*01l3*l00'il phagocytosis 1104D1014U 
APC DS;i0001*l3l1 lymph nodes nw T cells 
(adaptive immune response cells) 00‘309ty0)iai 

a* 

01S;01*01i3i 411* li* lymp nodes 141* APC DS) 
00 094lllJ0 0lJ0 0łjll1H90 4*lll*H01*0*Dl*llJ 
3l10g3wiD04 APC l00llJnłJ00U receptor 3 
*‘3 00'11 major histocompatibility complex (MHC) 
*101015:01*111*00011*3001**13041)04 effector T 
cells ll*010D00łJl“’ 10 Si*3i 5;*00 recombinant 
proteins 304 *l33011łJD1011B04 **3303 
immunogenicity 0101**30 4 W ID 1001113 *31* 
*101*0*D1*3331 i 1 activation signals 3 d5;3i*'U10 


01i3i411*D04 APC 041i3430100)*105;3000 

rj <U 

1)041)11)00011 ™i*100110Sl*301łJ110D5:3l 

•u 

antigenic materia! ll*10Sl**1)1015;UD)n301)01* 
15 ;uD01i3i 04*101*0*D1* (antigen delivery system) 

3d5:*3i*0iii}i03i*0i*0*i0i*0*di*33i1ii0ii 

a* 

001)01*0404 *IDD*101*0U03*105:*ID 1)0301) 01 * 

<U 4 

011**1*00031* 011*00015;DD01i3i04*101*0*D1* 
0040134040111)30000000)411 15;DD01i3i04 

•u 

D 5 004 011)11000100 1 I 0 I 0 00151)11*011014 

a* I 

fi0iiil00l3000i4li**30*00Di*00lii*0030)iii 
li*i5 05001)1 i*00Di03004l330ai0i)30*3i* 
immunogen *301100*0 04 011001)01*041114 
0301)01*D04i'i4010000i3i04*101*0*D1*® 

<U 4 

0010111) (formulations) 31l*fll*15DD 
01i3i04*101*0*D1*1i*103i* 00 adjuvant 
formulations 1*41)11010111*0 *1*1* lipid based 

Systems, polymer based Systems *105 minerał salt 
based Systems 3l)’s3l* adjuvanted buman vaccines 

I a* V 

33i*115*301**00d34111)01)5*3i* aluminium-based 
adjuvants (minerał salt based Systems) 1i41)51<10 
*1i30i3i01100D01*04D040301)01***DD 

<U 4 

dli I 11 I Q/ o/ d dq a' 

' 0 / ' ^ I o' 

*300iii0ai0iai3*f0000i0li**ii00 

•u 

a* a* 

(intracellular pathogens) m'3^^l^0llDUl'30f'3 
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fUTianfii 


(chronic infections) 

cellular immunity (CD4^ llfis: CD8 T 
cells) 20 

ilninEnfntł^fTiEnEnłjfiDsm adjuvants walriłj 

I 'i) 

liBu^uamifisfiujnłjnu^iui^BfialaEiiłiTiis; 

<U 4 

cytotoxic T lymphocyte (CTL) “B-J adjuvants 

3^ I 

InłJn 3 410^0 0110 

ij0000£i (safety), m^SilgnfEntłfi^gS^łjnu 
(immunogenicity) 110S; 

(clinical efficacy) '31'UQ’S£lin£nnu adjuyantsTfU^ 

I I 3^ 

ndno-JlłlTłls; adjuvants lipid based Systems 

3^ 

miiTu 

Adjuvant formulations 

‘adjuvant’ łJIDinoitnsi^U adjuvare ¥1 
niJaii ‘to help’ 0ii)s;05in£il¥Ji54i0Si4nDs: 
'HłJ1£l04tn4lJ?s;n0ul0g^=lil£li4'4 (aceelerate) mw 
(enhance) 'Hf0nj£n£)n01 (prolong) 0140011111404 
'vn40S0łjni40'0H0i40H)i4 DinmiRnuTwuii 

<U 4 

adjuvant llillll solution formulations DSili 1401 
1411ł4U0U0H)ulłj'0m'inil adjuvant lilllll014010 

ii 

(particulate formulations)*^* U11U01401011DS: 

(L- Ą I I 

^ I 

11141011 mu lipid based Systems, polymer based 
Systems llOS minerał salt based Systems 

l0£llT'lllJiU04'l4ni£ll0 4im0U01DU 
I0£iniiiis:m0li4ił OBSouileinii APC usuinii 
n0UH0U0lDUH01£)0£lillu antigenie determinant 


nos antigenie determinant 04ndnDS:llJlJ'3ing 

ii I 

5uuwiu 04 APC loEiliJnuglnogniilłJtono 
class 1 U04 MHC f4H0U0H)UH0S;lłJmn0 class 1 
U04 MHC UU APC DS;i1141U4'1łJnuluni4 
nislu antigen receptor UU CTL niSUlunil 
11141UU04 APC Unluni4lJ4S;ił1U1114ni£)0111 
(physical link) 4£11114 innate H0£ adaptive 
immune responses H0U0H)Ullillu peptides D£ 
n4£0U MHC class 1-restricted CTL responses I 0 
lu0m41£lu'lł1U140mlll04 cytosol (fłiuiiiilu 
U04H101U04 cytoplasm) U04 APC U0nDinD£ 
01 0£l 01 141114 H0U0H)ull11ł1U140llllllJlu 

cytoplasm H01 01U11ł4H0U0H)Uł140 adjuvant 
ifU0unlu0U0i0D£Suui0lnm0£)4nuif0li4ii 
f4iiluti]ilu APC muinu 0 i£) 

Lipid based systems 

Adjuvants HUU0U0101iU0 lipid based 

d ^ 

Systems D£H£inillu class 01UlJgn4£)inUU1*‘'’ 

ii 

04 u 

ii ii 

Class I: luiJulu'0£01£)lu=S'uU04U1 

i) 

(aąueous phase) H0D£limilu=BUll0U4£ł1114 
0ini0nUU041ł101 

i) ii 

Class II: 1u3JU0£01£)1u'2'uU04U1U0£) 

i) 

UinH0D£U£l1£l01tlluffUll0UW0nU04H101 

i) ii 

Class III: luiJU0£01£llu=BUU04U1D£ 
ll04U01llluił140£01£IU040U010 (micellar 
Solutions) 

4£UUni4U11ł4H0U0H)U3JnD£ 
lJ4£n0U01£)111UW1łUU04 lipids 014 classes llłu 
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liposomes class I lipid 

cholesterol fi U class II lipid 
phosphatidylcholine l?l'ul('U 

Adjuvant$ based on class I lipids 

Solid lipid nanoparticles (SLN) 

Lipid matrices 1104 SLN 
fats ufa waxes 


m00TW ?rii4iJ?s;n0iJii04 sln 

Sm^ll SLN ttitl adjuvant luMl ITO Uns YlUlI 
Ims;^im 014 ^ 1 j 0 ^ 1 fl 0 m 04 nufn' 3 ll aluminium 
hydroxide lllu adjuyant inoulKlIlSlłJItM 40 - 80 % 
nia-a^S^UliatlStialmall Freund’s incomplete 
adjuyant (FIA) 


1 tTiiuJ^snaiiniB-a sln 


Compound 

Function 

Lipid ciass 

Paraffm or glyceride 

Structural lipid 

I 

Additional lipid, solid or liąuid phase 

Disrupt crystal stmcture of 

I 


lipid to increase entrapment 



of bioaetiye 


Surfactant 

Disperse lipid during preparation 

III 

Bioaetiye moleeule (e.g. antigen, drug, eytokine) 

‘Payload’ 

- 

Buffer 

Bulk phase 

- 


Adjuvants based on class II lipids 

Liposomes 

Liposomes 

a 

motionmtl hydrated phospholipids 11044114 00 
phospholipids HS:id41^141104141 §4 

V I 

l14'HłJ01lS;003jd414 aąueous core It (Oind 1) W 
mii4i liposomes IdlldisloTOnainnaiE) iiłii 
Hiili4dTudis:n0i)mf04di0i4 1410 
14111410511 11I11011 

Liposomes dHllll! 01141 tł 4 £nilS;Sllin 0 

miim 0 i!£)n 0 i 404 ti 0 ' 25 uilum^i iiii 04 łi 0 i£) 

•u 


Iłjl 0 im 0 i tnimomlEiuinn phospholipids 

10£nniJ111lll! mammalian eell membranes 114ldll 

^ . . . ( 6 ) 
adjuyants Tl non-toxic non-immunogemc 

H I 

110ninn{4flmimłJ branched ehain 
mannose moiety 1111WT1104 liposomes HSUlElffllJ 
0110111104 APC 11 i1i 40110'3S;01I CTL SłJ105l! 
lii0i0D00in‘’’ ?i'iiidis;00i)ii'ildii04 
liposomes im 04 ll! 0 in 4 d 2 





22 







flTyifil llHU/nVini0^ liposomefimiianeonmufiiufilllu aąueous core iras phospholipid bilayers 
2 rłiuiJ^snaunja^ liposome 


Compound 

Function 

Lipid ciass 

Phospholipids (e.g. phosphatidyleholine) 

Formation of bilayers 

II 

Cholesterol (optional) 

Reduce permeability and 

I 


flexibility of bilayer 


Bioactiye moleeule (e.g. antigen, drug, cytokine) 

‘Payload’ 

- 

‘Targeting’ moiety (e.g. polyethylene glycols. 

Alter uptake of yesicles by cells 

- 

antibodies, receptor ligands) 



Buffer 

Hydration of phospholipids. 

- 


bulk phase 



Transfersomes 

tllu^TUirł-a bioactive molecules nfa 

I 'H I 

iia u ^ iD 14 fi ® 14 1 5t 4 m a rr'3 m u 1 m'3 w TH iT'3 
fatilu liposomes ^iiJaai4?iJll' aaiJ?s;naul'Ta 
phospholipids liastYlUtlTlinuJll edge active 
3) iiilHij?iJii'i^tili4q^a«Hai4tn3Ji?a 

3 ti'414lJ?s;naunja'3 transfersome 


tm^nTOt^UlTOWTHlI^laafjltCj^nja^ hydrostatic 
gradient m^liltł-aiiauSlDU^^-a 

tui epidermal Langerhans cells tias; dermal DC 
^aOTi'3llia'3łJnili4m?Han3'3nanj'n'3m? uptake 
laa DC l^ln-ilflTjliltł^tmu systemie delivery 


Compound 

Phosphatidyleholine 

Sodium cholate and sodium dodecyl sulphate 
Bioactiye moleeule (e.g. antigen, drug, cytokine) 
Buffer 


Function 

Main bilayer lipid 
‘Edge-active’ lipid 
‘Payload’ 

Hydration of lipids, bulk phase 


Lipid ciass 


II 

III 
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Niosomes 

llluo^^ll^snau^TE) surfactant 
non-ionic bilayer™ 
m^-atr^l-amuau hposomes Ufi surfactant n 1=1133 
=ualn'3i phospholipids aa^iaiofiniiuasiSa^itJ 

ci I ^( 10 ) 

a^traTwtn^mtjg^mi phospholipids B553J=infi 
Yirosomes SJaflłJtMSlfHlJafl enyelopes fia-jlTJtł 
l^^aSJilin phospholipids uas; glycoproteins 
tnnattmaliftł tnin^atliuatiSinfilfimlillfi 
yirosomes U^ntUlItllfl lipophilic tfja hydrophilic 

V i) V 

regions ii^tl^tinuaaitłtjij^m^asiaiania^ 
uati^mti la?4tTfi4nia4 yirosomes in w a ti 
liposomes imwm^miJtTitiiJ^sinauBa^liftł rati 
haemagglutinin uaSJ neuraminidase tłTUll^SJnau 
=ua4 yirosomes 4 ^4am4nia4 


ia'B'Ua'U'Vll'll yirosome technology aa Epaxal 
tilti-iaStiija^ntilTftłl^aauanmu nia^uftyn 
Bema Biotech (Switzerland) lll^ yirosomes B 
iJ^snaii llJ a Th purified influenza antigens, 
haemagglutinin U 3 S neuraminidase 1) 14 N 4 =11 a 4 

^ S4 

yirosomes laaaaaanil=tlT4 phospholipids bilayer 

I S 4 

(aiBB 2) 'laSuilSaniJBiiinimasitninia 

S4 

nis:aT4miaaiitii4a4B4 T-uas B-cells laa 
1aaB yirosomes ai3Jiiai4itiaT4atin4i=uia 

•u 

cytoplasm lana-mifimi fusion t=Uinil endosomal 

■sy 

membranę BI a receptor mediated endocytosis 
mii4ia4tiaT4atin4t=ui cytosol =ua4 APC lans; 
Iflllla MHC class I presentation pathway ‘Q143JHa 
aamiaaijaT4a4=ua4 CD 8* T-cells luaiaii 
aa3Ji“^’ 


4 a'n4lJlS;naiJ=Ua4 yirosome 


Compound 

Function 

Lipid ciass 

Phospholipid 

Main bilayer lipid 

II 

Haemagglutinin/neuraminidase 

Mediates fusion with cellular 

- 


endosomal membranę 


Antigenic protein or peptide 

‘Payload’ 

- 

Buffer 

Hydration of lipid, bulk phase 

- 


Virosome 

V' 

? 

9 

■ O ^ 


Antigen 

Haemagglutinin 

Neuraminidase 

Phospholipid 

\/irosome 


flTHB 2 UHUflTyidTmllSfinaiini yirosome human hepatitis yaccine 
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Adjuvant$ based on class III lipids 
Emulsions 

Emulsion ^arł^uiJ^snaunja^nja^mfn 

V I 

tra^^ifu^aa oil Sanyais: 

ulu oil in water emulsion aa oil DSlianfTJSDiaaT 

V V 

aaninn=Kuui ufalum^a^-jliiłj water in oil 

I V V 

emulsion UU1Dsiiafifi^stnaaTaantnniu oil 

lir H > 

(aTWu 3) oil ufa uiutianfTjstnaai 

aantlin bulk phase lua-jaiaa emulsifier 

I V n 

(surfactant) UDSujJuoa oil ufauaauiuunH 

Emulsions ulfftllu adjuyants JJlUlUtias; 
ffnnua aa Freund’s complete adjuvant (FCA) 
tias; Freund’s incomplete adjuyant (FIA) ‘B4nlu 
water-in-mineral oil emulsion UłJiiaslłJłJ heat- 
killed mycobaeteria aiuaiau 5) FCA 

iiluuu^lu adjuyants uuoullnuam^tmfuaio 
lu-aiUlfaluaailiasunHtllu ‘gold standard’ 
matisHmaunu adjuyants ga^aifuaun ua 


I V n 

ma^Dinu-a FCA uas FIA unusnalumama-aan 
(granulomas) ufnaiu^am^ism^anai^nja^ 
minera! oil ulutWIWaitt! m?ll FCA liasFIA 1-3 
on^inatłiYnsiluaaimTuu'’^’ 

•u 

MF59 lllu adjuyant Ttua oil-in-water 
emulsionl^tflu influenza yaceine tTWaiUllao 
Chiron Corporation (San Francisco, USA) 
tflufaSuun^sauauałJnulalu^sautł-aiiastilu 

4 <U 4 <U 

I 0 / eJ o Q/ (H) 

?s;as;naiuiumna‘iiutła'3ai?um3J tnn 

•u 

m^anUTWlJlI water-in-oil emulsions DSiijNaaa 
m^aautłua^nja-a^sauiiauauaa iia oil-in-water 
u li a water-in-oil-in-water double emulsions aii)D S 
'ifTarr-amfłjm^aautłua-ain-aauajjnuaiuraaa 

<U 4 

V 

aia uani)inu=ił94?s;as;nainja4m?aautTua^a4 

V I 

OJ ^ e. q 3^(15) 

njunuanflais;=ua4=itua emulsion u l=ii 

laauiliJ emulsions DSTOUim^trfi^iiauaiiaa 
aa emulsifled antigens ualjJKaTifiuiuaaa 

ctl"^' 


Water (O) in oil (O) 
emulsion (O/W) 


Oil (O) in water (O) 

emulsion (O/W) Emulsifier 

structure 





Hydrophilic 
head group 

Lipophilic 
taił group 


flinn 3 lir(fl4m?l1tJ4^TU04 emulsifier UUWnilO^lIlfilltinfUSDItl^lOOninDtn oll lu water-ln-oil emulsion llćlSfn?l1tl4 

■ 3! 

^31104 emulsifier 1141^31104 oil fill0nn?£i)10^300n3J1i)1flll3 lu oil-in-water emulsion 
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Piin-JMS tłiuiJ^snaiinja-a FCA 


Compound 

Function 

Lipid ciass 

Paraffin oil 

Lipid phase (bulk phase) 

I 

Mannide monooleate 

Emulsifier 

III 

Killed Mycobacterium tuberculosis 

Adjuyant 

- 

Buffer 

Aąueous phase (dispersed phase) 

- 

Antigenic materiał 

‘Payload’ 

- 


Particulate formulations based on a 
combination of lipid classes 

Immune stimulating complexes (ISCOMs) 

ISCOMs anaiina^uaf-au^nl^a 

<u 

Morein ims;aais;lT4iJ a.ft. 1984 “’’ Mijanaais; 

(cage-like stmcture) 
niinamumauanai^ 40 nm (otw^ 4) il^snau 
1 tl 1 a phospholipids, cholesterol, saponin 
adjuvant Quil A uasuau^itiii tnnm^ifalu 

o/ t/ I TM 

a^inaaa^Tlim ISCOM -based yaccines 

n 

0/0 3J e. o/ 11 3J‘=i 0/ e. ^ 

<u o 

I V 

tms; CTL l4SwaiT4^'a innate uas adaptiye 


jy jy 
(19) o/ ^ 

immune Systems n-JUlYins; ISCOMs aiłJTjO 
■uirf^tiau^iDiiiIiiliJlii cytosol nja4 APC II' 

(19) d o/ 

uanłJYiaiaiłJYiaiin iscoM-based 
yaccines ^aafi^T-i^sasnai 20 
lT4=l}44U'3nll''Vl«aa4Hll4a^4ll4n ?43J114 

q I 0/11 o/ e. i:S 

non-human pnmates uas lu^lfT-JIia-J l^TDOt^lf-jan 
malttimlua^a 4141 tnwisiałjfiDs; 14111)1111114 

0/^0 o/ (20) ^ ' 

laiiuamiii aii amin 6 oa^iaiaoiinii 

1 ^ ISCOM-based yaccines lill^flll') Ili 
a^-inaaai^aiłJiiaijainiinii^iaDin 
homologous challenge 11 lias^lllin 7 iia^lflll 
naaauliiaii 



mun 4 nfiHfusiiei iscoMs tiiatjinfiaoiMiiiiauoinn^iou 
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6 m^n^tłau ISCOM-based yaccines lu^^in^aa-a 


Antigen 


Animal model 

Protection 

HSV-2 


nu 

<u 


7a^ 80% tnnm? challenge IllE) HSV-2 





uas; 56%innHSV-l 

HSV-1 glycoproteins 

nu 

•u 


ilainum^tifji^-HjailTfalu CNS lli 93% 

HI NI influenza 


nu 

•u 


7a^l00% Din homologous challenge 

H3N2 influenza 


nu 

•u 


laa 94-100% Sunu dose 

NY-ESO-1 (human tumor antigen) Uff 


anauimiaimn tumor 

Measles yirus 


nu 

•u 


7 aa 100% 

H5N1 influenza 


Ifi 


7 aa 100% 

SIV 


a-a 


7aa 66-100% 5unu dose 

HIV-2 




ijainulamiaiu 

HSV, herpes simplex 

: yirus; CNS, central neryous system; 

SIV, simian immunodeficiency yims. 

7 m^n^fTau 

ISCOM-based yaccines luau 


Antigen 

n 


Responders (%) 




Antibody 

CD4^ T celi CD8^ T celi 

Influenza 

850 


>90 

Nottested 25-80 

NY-ESO-1 

24 


100 

69 38 

HPV E6E7(1) 

36 


100 

92 42 

HPV E6E7 (2) 

24 


100 

83 26 

HCV core 

24 


96 

75 25 


HPV, human papilloma yirus; HCV, hepatitis C vims. 


0 f 5 ll 

Particulate adjuyant Systems tTIJJTjO 
‘aiiiunllifnłjaaianłjaisla^-atłfi-a (stmctural 
characteristics) 'Hfa^lłJaaianłJaiSflTjlII^IU 
(functional characteristics) lipid based 


particulate Systems 

iJ?s;la'iii4lti'vn'3mfl''tfmfa'3tłiai'3 'vn'3m?ii'vi'via 
mam^friłn ^aa^titJfn^HltiiaStjmaTOiJi 

I V 

q 3/ I cS e. 3/ 0/ 11 3 /cSą ^ 

Ipoi^mawm^^autTtia^in^awawnti 

qj 4 
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